
ABSTRACT
Background: Generalized joint hypermobility is commonly measured using the Beighton and Horan Joint Mobility 
Index which provides a Beighton score of 0-9. Generally, scores of ≥4 are classified as hypermobile however joint 
hypermobility classification lacks consistency across the literature.

Purpose: The aim of the study was to compare the relative contribution of five joints to joint hypermobility scores in 
female and male rugby players, female netball players, female dancers and male and female age matched controls. 

Study Design: Individual cohort study.

Methods: Joint hypermobility was assessed in 286 subjects using the Beighton and Horan Joint Mobility Index. Sub-
jects were assigned a Beighton score of 0-9. These scores were then categorized using three different joint hypermobil-
ity classification systems and results were analyzed using a Pearsons Chi Square (x2) to report the relative contributions 
of each joint to hypermobility scores. 

Results: Significant differences existed for group and gender analysis at the left and right 5th metacarpophalangeal 
joints, left and right thumb, left and right elbow and lumbar spine (p < 0.001). Lumbar flexion demonstrated signifi-
cant x2 values and large effect sizes for all groups. This effect size was reduced to a moderate effect size when male 
against female analysis was performed and joint hypermobility was greater in females in comparison to males. The 
knee joint demonstrated the lowest hypermobility across all populations and ranged from 3% in male rugby players 
to 24% in female dancers. Seven hypermobile knees existed in males and 53 in females. Female dancers had the high-
est prevalence (93%) of hypermobile lumbar flexion and all female groups had a higher prevalence of hypermobile 
lumbar flexion than males. The removal of lumbar flexion from the total Beighton score had no effect on joint hyper-
mobility prevalence in males in contrast to females where changes were demonstrated. 

Conclusion: Joint hypermobility classification of female dancers should consider the high prevalence of hypermobil-
ity of lumbar flexion in interpretation. The consideration of separate classification systems for males and females, 
and between athletes of different sports and dancers may aid future understanding. 

Levels of Evidence: 2b

Key words: Beighton score, female dancers, hypermobility, lumbar flexion.
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INTRODUCTION
Joint hypermobility (JH) is excessive end of range 
joint motion in one or multiple joints.1 The origi-
nal JH assessment2 was modified further by Beigh-
ton and Colleagues.3,4 The Beighton and Horan 
Joint Mobility Index (BHJMI) assesses joint range 
of motion (ROM) at the 5th metacarpophalangeal 
joints, thumbs, elbows, knees and lumbar spine 
which provides a Beighton score (BS) of 0 to 9. JH 
scores of ≥4 are classified as “hypermobile”5 how-
ever values of four, five and six have been utilized 
to classify JH.6 

JH is more prevalent in females than males7 with 
rates of 24% in male rugby players,8 26.2% in stu-
dents,9 63% in female netballers10 and 66% in dance 
students.11 BHJMI interpretation may need to be 
sport or activity specific due to this varying prev-
alence. Within the JH literature there has been 
limited discussion regarding the relative joint contri-
bution to JH and the potential implications this may 
have in terms of injury prevention and performance. 
The development of an enhanced understanding of 
joint contribution and reference values within var-
ied populations may enhance management of indi-
vidual athletes. JH may have performance benefits 
within dance.12 The exclusion of lumbar flexion 
from the criteria of JH diagnosis in dancers13,14 has 
been utilized due to the large lumbar flexion ROM 
required for dance performance however this has 
not been applied consistently in further studies. In 
netball, potential performance benefits may exist at 
the 5th metacarpophalangeal joint which has been 
reported to demonstrate the lowest JH of the BJHMI 
(15% of netballers had hyperxtensibility of the 5th 
metacarpophalangeal joint).10 This may represent 
associated finger flexion conditioning10 and relate to 
increased neuromuscular tone which limits passive 
joint range.15 In netball, impaired movement con-
trol has been reported in individuals with general 
joint hypermobility.10 A relationship between per-
formance benefits and JH has not been previously 
reported in rugby. 

In dance, JH is associated with increased injury risk 
with both low BS (0-2) and high BS (5-9) dancers, who 
were 1.43 and 1.22 times more likely, respectively, to 
suffer injury than dancers in the medium BS group 
(3-4).16 JH has been associated with an increased risk 

of injury in netball, with 21% of netballers with a BS 
of 0-2 having sustained previous injury compared to 
37% (BS 3-4) and 43% (BS 5-9).17 In rugby players 
with a BS 4-6, injury incidence (116.7 injuries/1000 
hours) was significantly higher than those with a BS 
of 0-3 (43.6 injuries/1000 hours).8 There has been no 
focus on joint contribution in previous studies8 and 
due to the contact nature of rugby, JH may be a risk 
factor for injury17 and there is a potential need for 
enhanced understanding of JH to reduce the poten-
tial risk of injuries such as dislocation and sublux-
ation. Different JH classification systems have been 
utilized and therefore to aid interpretation of joint 
contribution the current study used three JH clas-
sification systems.4,8,18

Recurrent musculoskeletal pain can be a manifesta-
tion of JH and may predispose an athlete to trauma.19 
Asymmetrical joint surface loading contributes to 
joint surface wear and the joint may progress from 
being “loose” to “loose and painful”.20 Pain may origi-
nate from joint stretch receptors and swelling of the 
joint lining and can often be the first sign that JH 
problems may exist20 which therefore may act as a 
warning sign to clinicians to monitor the individual 
carefully to potentially reduce injury risk. 

The aim of the study was to compare the relative 
contribution of five joints to joint hypermobility 
scores in female and male rugby players, female 
netball players, female dancers and male and female 
age matched controls. 

METHODS

Participants
Two hundred and eighty-six subjects volunteered to 
participate in this study including 65 female rugby 
players (FR), 38 male rugby players (MR), 61 net-
ball players (NP), 42 female dancers (FD), 40 aged 
matched male subjects (MS) and 40 aged matched 
female subjects (FS). Recruitment was aimed at 
attaining age-matched groups and the sport and 
dance groups were standardized for weekly par-
ticipation levels. Female and male controls were 
recruited by asking for volunteers via a poster cam-
paign within the university. All subjects were 18 
years of age or older and were excluded from the 
study if they had suffered an injury in the previous 
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30 days21 which prevented training, match or dance 
class participation. Subjects completed a medical 
screening questionnaire prior to participating in the 
study and additional exclusion criteria included heart 
disease and pregnancy. Participation was voluntary 
and subjects were provided with information sheets 
and completed informed consent forms prior to par-
ticipation. The University Research Ethics Commit-
tee provided ethical approval (SPA-REC-2015-185) in 
accordance with the Helsinki declaration. 

Procedures
All testing was conducted indoors under the super-
vision of the same researcher and prior to testing the 
subjects’ height (cm) was measured using a stadiom-
eter (Leicester Height Measure, Child Growth Foun-
dation) and body mass (kg) were recorded using 
digital scales (Salter 9028, Kent, UK). The subjects 
date of birth and ethnicity was recorded and partic-
ipation in other sports and dance was determined 
prior to testing to ensure that subjects did not cross 
participate in the observed genres. 

JH screening
Testing was conducted prior to training or dance 
classes to prevent any potential effects of exercise 
on JH and subjects did not participate in exercise 
for a least 12 hours prior to testing due the poten-
tial effects of warm up on joint ROM.22 The BS4 was 
used to measure JH and has an Intraclass Correla-
tion Coefficient (ICC) of 0.91 and a kappa 0.74.23 
The same clinician performed the assessment, spe-
cifically a Chartered Physiotherapist with 15 years’ 
experience in BS classification by measuring ROM 
of the 5th metacarpophalangeal joints (1 point each 
joint), thumbs (1 point each joint), elbows (1 point 
each joint), knees (1 point each joint) and lumbar 
spine (1 point) which provided a maximum score 
of 9. A goniometer (Vivomed, UK) was used to mea-
sure all joints except the lumbar spine for which 
JH was classified as yes/no based on the partici-
pants ability to put the palms of their hands flat on 
the floor. All tests were performed as described by 
Juul-Kristensen and colleagues.23 The first classi-
fication system (BE) as used by Beighton and Col-
leagues4 classifies JH as a score of ≥ 4. The second 
classification system (B) as used by Boyle and Col-
leagues18 provides three sub-categories: 0-2 = (not 

hypermobile, NH); 3-4 = (moderately hypermobile, 
MH); 5-9 = (distinctly hypermobile, DH) and has a 
percentage agreement (81%) and spearman rho for 
intra-rater reliability (0.81) and interrater reliability 
(89% and 0.75) for these sub-category scores.18 The 
third classification system (SB) as described by Stew-
art and Burden8 provided three sub-categories: 0-3 = 
(tight, NH); 4-6 = (hypermobile, (H)) and 7-9 = (dis-
tinctly hypermobile, DH). The term ‘tight’ was used 
to define individuals who had non-lax ligaments8 
however the current study prefers to utilise the term 
NH for this category so as to be consistent in ter-
minology. Three classification systems were used to 
allow a comprehensive comparison as the BE does 
allow further sub-categorisation of JH. 

Intra-rater reliability was assessed by the Chartered 
Physiotherapist by measuring JH using the BS of 20 
subjects not involved in the study on 2 separate occa-
sions 24 hours apart. The Chartered Physiotherapist 
was blinded to previous results to allow determina-
tion of ICC’s (3,1).

24 Subjects were instructed not to 
participate in sport, dance activity or warm up dur-
ing this 24 hour period. This timescale was selected 
to reduce the potential for ROM adaptations. Intra-
rater reliability for the total BS had an ICC of 0.992 
(95% Confidence Intervals 0.979-0.997) indicating 
excellent reliability. 

Statistical analysis
Absolute scores and percentages were calculated 
for JH and for the contribution of each joint to JH. 
Hypermobility was defined as absent (0) or present 
(1) at each joint and a Pearsons Chi Square x2 was 
used to analyse observed and expected frequencies 
at each joint across the six groups and contingency 
tables created. Analysis included all groups, male 
against females and female dancers against all other 
subgroups. Observed and expected frequencies were 
calculated for each group and standardised residuals 
were utilised providing Z scores which were classi-
fied as +/- 1.96 to +/- 2.57 (P < 0.05), +/- 2.58 to 
+/- 3.28 (P < 0.01) and ≥ +/- 3.29 (P < 0.001).25 
Cramers V was used to calculate effect size with 
effects sizes graded as 0.1(Small), 0.3(Medium), 
0.5(Large).26 Significance was accepted at P < 0.05 
and all statistical analysis was performed using SPSS 
version 23 software (IBM Inc.)
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RESULTS 
The demographics of subjects were as follows: 65 FR, 
(65 white Caucasian, age: 20.89 ± 1.91 years, height: 
164.94 ± 9.13 cm, mass: 71.76 ± 17.67 kg), 38 MR, 
(36 white Caucasian, 2 black Caribbean, age: 21.03 ± 
2.1 years, height: 181.79 ± 6.29 cm, mass: 87.60 kg 
± 12.78 kg), 61 NP (61 white Caucasian, age: 20.18 
± 1.2 years, height: 168.80 ± 7.71 cm, mass: 65.34 
± 10.57 kg), 42 FD (41 white Caucasian, 1 Hispanic, 
age: 20.01 ± 1.03 years, height: 162.74 ± 7.20 cm, 
mass: 58.77 ± 5.29 kg), 40 MS (39 white Caucasian, 
1 Asian age: 20.15 ± 1.43 years, height: 176.38 ± 

7.64 cm, mass: 77.98 ± 9.81 kg), and 40 FS (39 white 
Caucasian, 1 black African, age: 20.23 ± 1.11 years, 
height: 164.5 ± 7.92 cm, mass: 63.78 ± 9.92 kg).

Table 1 summarizes the frequency of JH by joint 
location (percentage of group value) of the six par-
ticipant groups. 

Table 2 summarizes BS as a percentage of group 
value within each category of classification when 
the flexion component of the BS is included and 
then removed (value in brackets) across the six par-
ticipant groups. 

Table 1. Frequency of joint hypermobility by joint location for all subjects.

Table 2. Beighton score and joint hypermobility classifi cation for all subjects using the 
three different classifi cation systems with lumbar fl exion removed.
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Figure 1 displays the percentage contribution of JH 
by joint location for the six participant groups. 

Table 3 reports Chi square, Z and Cramer V probabil-
ity scores for JH across the six groups. Group analy-
sis of the joints revealed significant differences (p < 
0.001) at the left and right 5th metacarpophalangeal 
joints, left and right thumb joints for all groups with 
female dancers and male controls Z scores signifi-
cant at these joints. At the left and right elbow and 
lumbar joints significant differences existed for all 
groups (p < 0.001) with female dancers, male rugby 
and male control Z scores significant at these joints. 
At the right knee significant differences existed for 
all groups (p = 0.020) and female dancers Z scores 
were significant. Large effect sizes (0.541) existed for 
lumbar flexion.

Table 4 reports Chi square, Z and Cramer V prob-
ability scores for JH as a comparison between male 
and female subjects. Male subjects demonstrated 
significant Z scores for left and right 5th metacarpo-
phalangeal joints, left and right thumb, left elbow 
and lumbar flexion. A medium effect size (0.331) 
existed for lumbar flexion. Comparison of male and 
female subjects revealed significant findings (p < 
0.001) for left and right 5th metacarpophalangeal 
joints, left and right thumb, left and right elbow and 
lumbar flexion and at the (p < 0.05) level for left and 

right knee. Cramers Values were: left metacarpopha-
langeal joint 0.293; right metacarpophalangeal joint 
0.234; left thumb 0.210; right thumb 0.254; left elbow 
0.207; right elbow 0.225; lumbar flexion 0.331; left 
knee 0.118; right knee 0.122. 

Table 5 reports Chi square and Z scores for JH as 
a comparison between female dancers and each 

Figure 1. The percentage contribution of positive joint 
hypermobility at each joint for all subjects. 
FR; Female Rugby Players, MR; Male Rugby Players, NP; 
Netball Players, FD; Female Dancers, MS; Male Subject, FS; 
Female Subjects, LF; Left 5th metacarpophalangeal joint, RF; 
Right 5th metacarpophalangeal joint, LT; Left Thumb, RT; 
Right Thumb, LE; Left Elbow, RE; Right Elbow, LFL; Lum-
bar Flexion, LK; Left Knee, RK; Right Knee

Table 3. Chi square, Z and Cramer V outcomes for joint 
hypermobility across the six groups.
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subgroup. Significant differences existed between 
female dancers and all groups for left and right 
metacarpophalangeal joints (p < 0.001, left and right 
elbow (p < 0.001 to p = 0.044) and lumbar flexion 
(p < 0.001). 

Table 6 reports Cramer V probability scores for JH 
as a comparison between female dancers and each 
subgroup. Significant differences existed between 
female dancers and all groups for left (p < 0.001 to p 
= 0.009) and right metacarpophalangeal joints (p < 
0.001), left (p < 0.001 to p = 0.044) and right elbow 

(p < 0.001 to p = 0.023) and lumbar flexion (p < 
0.001). 

DISCUSSION 
The aim of this study was to compare the relative joint 
contributions to JH scores across gender, sports and 
dance participation. The knee joint demonstrated 
the lowest JH across all populations and ranged 
from 3% (male rugby) to 24% (female dancers). 
Within male subgroups, 9% of knees were hypermo-
bile in comparison to 25% in females in agreement 

Table 4. Chi square, Z and Cramer V probability outcomes for 
joint hypermobility a comparison between male and female 
participants.
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with previous findings of increased knee joint laxity 
in females.27 As left and right knee are the only mea-
surements of hypermobility performed in the lower 
limb there may be a need to measure other joints 
such as the ankle or toes to provide a more specific 
measure of body joint hypermobility. This may 
have particular importance in dance which requires 
movements such as “en pointe” which increase the 
stress on these joints. Within netball players the 
high prevalence of 5th metacarpophalangeal JH in 
comparison to female rugby players and female con-
trols may represent a sporting adaptation. This is in 
contrast to previous research in elite netballers that 

found this to be the least hypermobile joint.10 and 
may reflect the different levels of netballer. 

Lumbar flexion demonstrated significant x2 values 
and large effect sizes for all groups however this 
effect size was reduced to a medium effect size when 
male against female analysis was performed. This 
highlights the need for the careful consideration of 
inclusion of this measurement in determining JH. 
Particular caution is required with female dancers 
with this study demonstrating a lumbar flexion JH 
rate of 93% for this cohort. Lumbar forward flexion 
is acquired through dance training13 and lumbar 

Table 5. Chi square and Z scores for joint hypermobility: a comparison between 
female dancers and other groups.
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flexion JH rates of 91.5% in 47 dancers and a rate of 
6.4% have been reported in age and gender matched 
controls.14 In the current study, 88% (n = 37) female 
dancers were hypermobile, in contrast previous lit-
erature reported JH rates of 66% (n = 24, BS ≥ 4 ) 
in professional female dancers11 and only 4.3% (n = 
2, BS ≥ 4)14 in professional ballet dancers however 
in this study 36% of participants were male. After 
female dancers the highest prevalence of lumbar 
flexion JH was female rugby players 43% (n = 28), 
netball players 41% (n = 25), female controls 20% 
(n = 8), male controls 15% (n = 6) and male rugby 
players 8% (n = 3) highlighting a gender difference. 
At the upper limb joints and on lumbar flexion male 
subgroups demonstrated reduced hypermobility lev-
els to expected X2 values. 

In relation to the number of subjects with JH the 
removal of lumbar flexion from the three hypermo-
bility classifications resulted in no change in “not 
hypermobile” (NH) scores across the three classifi-
cations in male rugby and an increase of 5% (n = 2) 
in male controls (BE and SB). In netball players, the 

B classification (0-2) increased by 9.8% (n = 6) in 
comparison to the BS and BE classification increase 
of 1.6% (n = 1) while female rugby remained simi-
lar at 3% (n = 2) (BE and SB) and 8% (n = 5) (B). 
Female dancers demonstrated large changes in the B 
classification ‘moderately hypermobile” (MH) (3-4) 
with an increase of 33.3% (n = 14) in contrast to a 
decrease -4.8% (n = -2) and increase of 11.9% (n = 
5) respectively in the BE (≥4) and SB “hypermobile” 
(4-6) classifications. This highlights classification sys-
tem variation and influence of lumbar flexion inclu-
sion. The other populations demonstrated smaller 
changes ranging from an increase of 4.9% (n = 3) in 
netball players SB (4-6) “hypermobile” to no change 
in male subgroups across all classifications. Within 
the categorisation of B “distinctly hypermobile” 
(DH) (5-9) and SB DH (7-9) there were no changes 
in male subgroups. In females changes occurred 
in all groups with female dancers demonstrating 
noticeable differences across the classifications with 
a decrease of -40.1% (n = -17) in the B classification 
and a decrease of -16.7% (n = -7) in SB classification. 
The removal of lumbar flexion from total BS had no 

Table 6. Cramer V outcomes for joint hypermobility: a comparison between female 
dancers and other groups.
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effect on JH prevalence in male subgroups in con-
trast to females and therefore there may be a need 
to consider this in JH interpretation. Other female 
subgroups demonstrated smaller reductions within 
the two classifications. 

Within dance the generally untrained joints of the 
5th metacarpophalangeal, thumbs and elbows may 
provide an indication of general JH and are unlikely 
to have been exposed to the potential performance 
adaptation associated with lumbar flexion. Female 
dancers had the lowest percentage JH contribution 
(73%) from these three joints which may demon-
strate a performance related adaptation that results 
in lumbar flexion and the knee joint contributing 
more. In both male subgroups lumbar flexion was 
restricted in comparison to females which may be 
related to poor hamstring flexibility which can influ-
ence this measurement. The finger tips to floor test 
which involves the same movement has been shown 
to be a reliable measure of hamstring flexibility.28 

This involves contribution of the hip, wrist, fingers, 
elbows and shoulders and therefore is not an iso-
lated joint movement like the other measurements. 
Such functional movements may require different 
interpretation within the BS. There may be a need 
for interpretation of the lumbar flexion movement 
to be combined with performance of a Schöbers or 
Schöbers modified test29 to determine the contribu-
tion of the lumbar spine. The Schöbers test involves 
palpating and marking the lumbosacral junction and 
then marking another point 10cm superiorly and 
asking participants to flex as far forwards as possible 
while ensuring the knees remain fully extended and 
the distance between the two points is measured.30 
The modified version uses the same movement 
and marks and requires the addition of a mark 5cm 
below the lumbrosacral junction and the distance 
between this mark and the mark made 10cm above 
lumbrosacral junction is measured with participant 
in a flexed position.30 Test retest reliability of these 
two methods has been reported as r = 0.87 indicat-
ing excellent reliabity.30 A straight leg raise test31 
could be used to determine hamstring ROM contri-
bution more effectively.

The comparison between female dancers and other 
subgroups revealed significant findings between 
female dancers and female rugby players and 

medium to large effects sizes existed for all joints 
except the right thumb and both knees. Female 
dancers and netball players analysis was significant 
at all joints except the right thumb and medium 
effect sizes existed at the right 5th metacarpopha-
langeal and left elbow joints. Female dancers and 
female control analysis revealed significant find-
ings at all joints except at both thumbs and knees 
and large effect sizes at both 5th metacarpophalan-
geal joints and the lumbar spine. Female dancers 
and male rugby players analysis revealed significant 
findings and medium to large effect sizes at all joint 
except the left knee. Analysis of female dancers and 
male controls revealed significant differences at 
all joints except the left knee and medium to large 
effect sizes existed at all joints except the knee. At 
the left and right knee differences between groups 
and gender were less prominent with only female 
dancers demonstrating significant findings. At all 
joint locations, JH was higher in females than males 
supporting the greater prevalence of female JH7 and 
therefore females may need to be categorised differ-
ently. Although the purpose of this study was not to 
compare total JH scores it must be acknowledged 
that with all three classification systems the prev-
alence of JH was greatest in female dancers even 
with lumbar flexion removed and the values were 
greater than those previously reported.11

JH classification in rugby union, netball and dance 
via three different classifications systems suggests 
that the consideration of gender, sport and dance 
participation is important in determining normal 
vales and there is a need to consider age, gender 
and ethnicity.32 The current findings have clinical 
importance as decisions regarding injury preven-
tion, training load and sport selection based on the 
BS should consider carefully joint contribution to JH 
scores. Gender and predominant activity of the indi-
vidual is important and should be compared with 
expected values within the domain and the potential 
contribution to injury risk or performance variation 
should be considered. Currently the interpretation 
of total JH score may not be the best practice due 
to gender and sport variations in lumbar flexion 
JH, knee JH and the contribution of upper limb to 
total JH score. The findings may demonstrate a con-
tinuum of hypermobility which may demonstrate 
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either a performance adaptation or selection bias 
highlighted by the differences between male and 
female subgroups with female dancers and netball 
players demonstrating greater hypermobility than 
female rugby players. The initial implementation of 
the BS was as an epidemiological tool and not as a 
sport or dance specific tool and therefore the devel-
opment of sport or dance specific grading scales 
seems a logical progression. 

The results of the study are limited to the popula-
tions investigated and the classification systems 
used do not report specific joint ROM. Further stud-
ies should consider male dancers, report joint ROM 
and utilize a larger sample size. It appears that fur-
ther investigation of increased female JH at the knee 
joint is required as well as additional reports on the 
prevalence of 5th finger metacarpophalangeal hyper-
mobility in netball players. Long term studies that 
potentially measure changes in JH with relation to 
participation in varied sports or dance performance 
may allow determination of potential long-term per-
formance adaptations. Future research assessing JH 
of female dancer may benefit from providing two 
scores which include and exclude lumbar flexion as 
female dancers may have a different normal range 
for this measurement. 

CONCLUSION
Females and males are subject to differences in the 
relative contribution to JH and the functional nature 
of lumbar flexion may require different interpreta-
tion within the BS.  Within female dancers, a positive 
lumbar flexion JH score may be a sign of perfor-
mance adaptation rather than a measure of JH and 
therefore its inclusion within JH grading within this 
group requires careful consideration. 
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